Precise diagnoses are seldom made upon complaints of sexual dysfunction by spinal cord injured men. The dysfunction is inevitably attributed to the neuro logical condition and available treatments are offered with little knowledge of the individual residual capacity or other contributing factors. Current practice emphasizes these treatment approaches, but the high rejection rate associated with the most widely used technique of intracavernous injections suggests that remaining sexual function should also be investigated. This study explores remaining function using physiological recording techniques and classifying the subjects according to the innervation of the reproductive system. The results show that, with objective measurements and proper classification of the subjects, 100% of individuals with high lesions maintain penile responses to reflexogenic stimulation and up to 90% of those with lower lesions maintain penile responses to psychogenic stimulation. These latter subjects also show naturally occurring emissions in .100% of the cases when they suffer from lesions to the conus terminalis and when they use psychogenic stimulation as a means of inducing erection and emission. Results from subjective reports reveal that spinal cord injured men underestimate their sexual capacity, while diagnoses based on clinical findings are better predictors.
Introduction
Assessment is a key element in clinical practice, as it provides the clinician with a diagnosis upon which treatment can be based. Physicians prescribe blood tests, urine tests, biopsies, xrays, EMGs and the like to document a patient's initial com plaint. Psychologists develop intelligence tests, personality inventories, depression scales, and projective techniques to identify a client's disorder on a multi axial classifica tion system.
Despite this general use of assessment, clinical practice seldom proceeds to further diagnosis upon complaint of erectile dys function by spinal cord injured men. The dysfunction is generally attributed to the neurological condition and available treat ments are offered with very little knowledge of the patient's residual capacity or other contributing factors.
Treatments that are offered include intra cavernous injections,1-6 penile implants,7-11 external vacuum devices12-1 4 and applica tions of nitroglycerin. 1 5 -17 While these tech niques cover a wide range of the patients' needs, complications as well as dissatisfac tion occur in many instances. Studies on intracavernous injections, for example, show that up to 50% of the patients either refuse or are dissatisfied with the pro cedure.2 Studies on penile �rosthesis simi larly show complications18,1 and are now more often replaced by injection tech niques.
While the search for refined techniques should definitely be emphasized, parallel studies on the remaining function of spinal cord injured men should not be under estimated. Early reports have shown that spinal cord injured men maintain a residual sexual function20-23 and it is surprising to note that very few studies have further explored this remaining capacity using physiological recording techniques. 2 4 , 2 5
This paper describes a specific approach used to evaluate the sexual function of spinal cord injured men. A diagnosis and subsequent prognosis is made and compared to the subjects' physiological function. Sub jective reports are also recorded and com pared to physiological recordings.
Materials and methods

Subjects
The subjects were spinal cord injured men whose lesions were classified according to the dual innervation of the male reproduct ive system: the lesions were not classified using the natural divisions of the spinal cord but according to the sacral and thoracic lumbar innervation. This classification system differs from most studies on sexual function in spinal cord injuryl°,22,23,26-28 which subdivide subjects into cervical, thoracic and lumbar groups. We believe that this natural division is not consistent with the innervation of the male reproductive system and is therefore misleading when it comes to estimating the remaining sexual function of paraplegic and tetraplegic men.
The dual innervation of the male genitals, along with the rationale used for subject classification, are illustrated in Figure l . Diagram A shows that two pathways innerv ate the genitals: one originating from the sacral segments S2, S3, S4 and running to the penis via the pelvic nerves (for auto nomic function) and the pudendal nerves (for somatic function); and one originating from the thoracic-lumbar (TL) segments T11-L2 and running to the penis via the hypogastric nerves, after relays in the coe liac and mesenteric ganglia. Under normal conditions, genital stimulation induces erec tion through a reflex arc and sends informa tion to the brain to allow perception of erection. Psychogenic stimulation from the brain can also feed into the spinal pathways to trigger, enhance or inhibit erection. However, following a spinal cord injury, higher CNS structures may be completely or incompletely disconnected from spinal seg ments. Sexual responses may therefore be induced by genital or psychogenic stimula tion, but not necessarily both, depending upon the extent of the neurological lesion.
Based on the distinction between stimula tion sources and lesion levels, the subjects were classified according to the system illustrated in diagrams B, C, D and E of Figure 1 . Considering complete lesions, where only optimal stimulation can be effective, diagram B shows that subjects with lesions above the sacral and the thoracic-lumbar pathways should maintain sexual responses to local stimulation of the genitals, but not to psychogenic stimulation. It is noteworthy that subjects in this group can present heterogeneous lesions with re spect to the natural divisions of the spinal cord and can include paraplegic men with thoracic lesions as well as tetraplegic men with cervical lesions. Those with partial lesions are similarly expected to have an erectile capacity to genital stimulation, but can also present additional responses to psychogenic stimulation.
Diagram C shows that subjects with le sions between the two pathways are ex pected to maintain sexual responses to both genital and psychogenic stimulation, but to lose the additive effect of these two stimula tion sources at the spinal level. This group is again composed of heterogeneous subjects with respect to the natural divisions of the spinal cord and can include individuals with lesions to the lower lumbar segments (L3, L4, LS) as well as the upper sacral segment.
Diagrams D and E show that subjects' lesions to the sacral pathway are further divided into lesions to the conus terminalis (diagram D) and lesions to the cauda equina (diagram E). The rationale behind this subdivision is that damage to the conus terminalis may be restricted to the sacral segments and can therefore leave the TL pathway functional. Lesions to the cauda equina, in contrast, may involve damage to more than the immediate sacral fibres and may interfere with TL transmission. The first group may therefore present psy chogenic erection more often than the second group. As with other lesions, partial damage is expected to allow responses to the alternate form of stimulation (i.e. reflex ogenic) in addition to basic responses to the optimal mode of stimulation (i.e. psycho genic).
Originally, the four groups were sub- 
Conus terminalis lesion
Cauda equina lesion divided into complete and partial lesions. However, our experience as well as that of others29 reveals that, with a thorough neuro logical examination, very few subjects show complete lesions. Our subjects were there fore generally divided into single groups for which sexual function was defined according to the individual' s characteristics (see be low). Subjects with lesions above the two pathways included a sufficient number of complete and partial lesions to justify a subdivision.
A total of 71 subjects were therefore divided into a group of 15 subjects with complete lesions above the two pathways of erection (AC), a group of 15 subjects with partial lesions above the two pathways (AP), a group of 13 subjects with lesions between both pathways (BTW), a group of 10 subjects with lesions to the conus termi nalis (CT), and a group of 18 subjects with lesions to the cauda equina (CE). Missing data occasionally changed the number of subjects per group, as will be noticed in the results section.
Procedure
Clinical interview
The subjects were interviewed in the rehab-ilitation center where they had received consultation for sexual dysfunction (Institut de readaptation de Montreal in Canada or Hopital Henry Gabrielle in France). Con sultation and investigation of sexual func tion were offered to all patients who gener ally showed eagerness to participate. Ques tions about sexual function were asked and are summarized in Table 1 . The questions explored the subject' s awareness of erectile capacity such as the occurrence of erection following reflexogenic, or psychogenic, stimulation as well as that occurring spon taneously or outside the context of inter course. E jaculatory activity was also noted as spontaneous emission which was defined as the emission of a whitish, viscous sub stance which could be expulsed or dribble along the urethra. The initial interview was followed by a neurological examination and physiological recordings.
Neurological examination
The neurological examination was essential to classify the subject' s lesion with respect to the dual innervation of the reproductive system. Its accuracy was crucial in establish ing a prognosis of residual erectile capacity.
The level of the lesion was determined by an initial exploration of perineal reflexes and was followed by exploration of derma tomes. The extent of the lesions was deter mined by the presence or abscence of voluntary control of perineal muscles as well as dermal sensation below the lesion site.
Exploration of perineal reflexes
Four perineal reflexes, which are summar ized in Table II , were investigated: the bulbocavernosus reflex, the bulbo-anal reflex, the external anal reflex and the cutaneous-anal reflex. While these, as other reflexes, are seldom mediated by only one spinal segment,30,31 they are all restricted to the sacral portion of the spinal cord. The presence of these reflexes was therefore used as an indication of sacral activity. Originally, the cremasteric and abdomi nal reflexes, which are mediated by the thoracic-lumbar segments, were also inves tigated but the high rate of false negatives made their validity questionable. The classification of subjects was based on Voluntary contraction of the bulbocavernosus muscle Patient asked to contract his perineal muscles and resulting contraction of the bulbocaver nosus muscle noted the following criteria: when all the perineal reflexes were positive, the lesion was as sumed to be above the sacral pathway of erection. Exploration of dermal sensation (see below) further indicated whether it was above the two pathways of erection, or whether it was between the sacral and the TL pathway. When all reflexes were nega tive, the lesion was said to interrupt the sacral pathway. Further investigation with the derma tomes established whether the damage was restricted to the conus termina lis or whether it extended to the cauda equina.
When the reflexes were mainly, but not completely, negative the lesion was assumed to be localized within the sacral area and was considered partial. When the reflexes were mainly, but not completely, positive the lesion was assumed to be above the sacral pathway and was characterized by Sexual function in spinal cord injury men 775 erratic responses, as is often the case with spinal cord injured subjects.
Exploration of dermatomes
Exploration of the dermatomes is illustrated in Figure 2 . It was limited to TIO and below since any lesion above TlO was classified as above the two pathways of erection. Investi gation of dermal sensation included two modalities: . tactile and algic. Originally, thermal sensation was tested as well, but it led to confusing responses from the sub jects, who often perceived algic (if the test tube was too hot or too cold) or tactile sensations (if the test tube was lukewarm) instead of thermal ones.
Physiological recordings
When the initial interview and neurological examination were completed, the subjects were invited to participate in the physio logical recording sessions. The sessions in cluded testing with genital stimulation, in the form of self-masturbation, and testing with psychogenic stimulation, provided by an erotic movie. Originally, the subjects were scheduled for two independent sessions, each of which randomized the order of presentation of the stimulation sources. However, subjects could not always be met twice at the hospital, in which case they were tested in a single session. Genital stimulation was then used first since the carry-over effect from masturbation was believed to be reduced by the lack of genital sensation in spinal cord injured men. In contrast, presenting the movie first was believed to increase the probability of carry over effects from mental images on subse quent masturbation in many subjects.
The subjects' responses were recorded with a penile strain gauge connected to a polygraph. The gauge consisted of a ring of fine silastic tubing filled with mercury and placed at the base of the penis. As erection occurred, distension of the gauge changed the mercury resistance which produced a deflection on the polygraph. Any subject showing an average increase in penile cir cumference of at least 3 mm, or a maximum increase in penile circumference of at least 6 mm, was scored as responding to the stimulation source. (The detailed analysis of quantitative findings such as average and maximal increases in penile circumference as well as duration of ongoing erections are reported in a separate paper. The general conclusion of this second paper remains along the same lines as that reported below. )
Results
The results on sexual function are illustrated in Table III . As expected, 100% of the subjects with lesions above the sacral path way (AC, AP and BTW) maintained erec tile responses to reflexogenic stimulation. Additional responses were observed in those with partial lesions, using the altern ate stimulation mode, and occurred in a larger percentage as the lesions reached relatively lower spinal segments.
Subjects with lesions to the sacral path way (CT and CE) were expected to main tain an erectile capacity using primarily psychogenic stimulation. The hypothesis was confirmed in 90% of the subjects with lesions to the conus terminalis (CT) and almost 80% of those with cauda equina lesions (CE). Surprisingly, these latter sub jects showed similar responses with reflex ogenic stimulation. Retrospectively, the finding may indicate that these lesions are inevitably partial, given that the cauda equina is a bundle of fibres which circulates freely in the vertebral column, and may therefore seldom be completely annihilated following a traumatic injury.
The overall results therefore indicate that, when the appropriate mode of stimula tion is used, the vast majority of spinal cord injured men maintain erectile capacity. Figure 3 shows that from almost 80% to 100% of all paraplegic and tetraplegic men maintain an erectile potential using either reflexogenic or psychogenic stimulation as an optimal stimulation source.
While the above findings were obtained from physiological recordings, they were Figure 3 Erectile responses to the optimal source of stimulation, defined as reflexogenic for the group of complete CAC) and partial (AP) lesions above the two pathways of erection and the group between the two pathways (BTW) and defined as psychogenic for the group of lesions to the conus terminalis (CT) and cauda equina (CE).
compared to those predicted from our ori ginal prognoses and those predicted from the patients' subjective reports. The results generally indicate that sexual function can be accurately predicted by prognoses when the optimal stimulation mode is considered. Subjective reports are only consistent with their physiological recordings when the lesion is above the sacral pathway, that is, when erection is maintained in response to direct stimulation of the penis. Figures 4-8 summarize the comparative findings, which were tested using Fisher's exact probability test. Nonsignificant results indicated that predictions based on our prognoses or on the subjects' reports agreed with physiological recordings. Significant results indicated that predictions under estimated the individual's real erectile capa city. Figure 4 shows the results for subjects with complete lesions above the two path ways of erection (AC). The prediction made from our prognosis, using the optimal stimu lation, was perfectly consistent with physio logical recordings (p = 1.00). Subjective re ports also agreed with the physiological recordings, but with a slightly less accurate prediction (p = 0.24). The predictions made for the alternate mode of stimulation (i.e. psychogenic) were not as perfect, but the difference between predictions and physiological recordings was not significant for either prognosis (p = 0.11) or subjective report (p = 0.11).
Figures 5 and 6 again show perfect predic tions from prognosis (p = 1.00 for both AP and BTW), using optimal stimulation, and slightly less accurate predictions from sub jective reports (p = 0.24 for AP and p = 0.11 for BTW). Prognoses for the al ternate stimulation surprisingly over estimated the individual's actual capacity, but not to a significant extent (p = 0.13 for AP and p = 0.05 for BTW). Subjective reports, which tend to underestimate erec tile capacity, were more accurate in predict ing physiological recordings (p = 0.30 for AP and p = 0.33 for BTW).
In contrast to the above, lower lesions (CT and CE) were associated with much more erratic responses, especially from sub jective reports and on the alternate form of simulation. Figure 7 shows that prediction based on prognosis, using the optimal stimu lation, was very high (p = 0.50) for CT subjects while that of subjective reports was very low (p = 0. 06). Both prognoses and subjective reports significantly under estimated erectile capacity with alternate stimulation, the patients' reports under estimating capacity (p = 0.007) to an even further extent than prognoses (p = 0.02).
Individuals with cauda equina (CE) Comparison between prognosis (PRO) and physiological recordings (REC) as well as subjective reports (SUB) and physiological recordings using the optimal and the alternate source of stimulation for the group of complete lesions above the two pathways of erection (AC).
lesions significantly underestimated their capacity using both optimal (p = 0.04) and alternate stimulation (p = 0.001). Prognosis predicted capacity with optimal stimulation (p = 0.05), but underestimated erectile function with the alternate form of stimula tion (p = 0.004). Aside from the above data on erectile function, data on sperm emission were collected during the experiment. As for the initial interview, emission was defined as the appearance of a whitish, viscous substance which could be expelled or dribble along the urethra. Table IV shows that up to 70% of the subjects with conus terminalis lesions exhibited sperm emission during physio logical testing with psychogenic stimulation.
An additional 30% reported maintenance of emission during the initial interview, for a total of 100% of subjects with CT lesions maintaining a reproductive potential. Of the other subjects, up to 47% of those with other lesions maintained naturally occurring emissions and these natural emissions gen erally appeared following psychogenic stimulation.
Discussion
The results from this study show that sexual function is maintained in the vast majority of spinal cord injured men. Considering the optimal mode of stimulation for each group, 100% of the subjects with lesions above the Comparison between prognosis (PRO) and physiological recordings (REC) as well as subjective reports (SUB) and physiological recordings using the optimal and the alternate source of stimulation for the group of partial lesions above the two pathways of erection (AP).
sacral pathway, and up to 90% of the subjects with damage to the sacral pathway, maintain erectile capacity. The data on emission further indicate that 100% of the subjects with lesions to the conus terminalis maintain seminal emission in response to psychogenic stimulation and that up to 47% of the subjects with other lesions are capable of naturally occurring emissions. These data are far more optimistic than other reports on sexual function in spinal cord injured men.20.22. 23 We believe that this stems from two essential factors: the classifi cation system and the use of physiological recordings. The classification system, which we used and which has been used by others with success,21,32 defines the groups in terms of their lesion level with respect to the innervation of the male reproductive sys tem. Such a system gives a criterion to define the primary mode of stimulation which will induce erection, which increases group homogeneity and the success rate associated with optimal stimulation. Partial lesions may similarly benefit from optimal stimulation but will also gain additional response using an alternate mode of stimu lation. Sexual potential is therefore a defin ite reality for paraplegic and tetraplegic men.
The high success rate of our results may also stem from the use of physiological recordings. Earlier studies have used sub jective re p orts as the best methodology Comparison between prognosis (PRO) and physiological recordings (REC) as well as subjective reports (SUB) and physiological recordings using the optimal and the alternate source of stimulation for the group of lesions between the two pathways of erection (BTW).
available at the time2o.22.23 but our data as well as that of others24 show that spinal cord injured men often underestimate their res idual capacity with psychogenic stimulation. Indeed, this study attempted to verify whether physiological recordings exceeded the subjects' own awareness of sexual capa city, and whether prognoses based on a thorough neurological examination could increase the prediction of sexual function on the part of the clinician. The results support the view that subjects underestimate their sexual potential and that prognoses increase p rediction, at least for the optimal mode of stimulation. Clinical consultation with s p inal cord injured men should therefore use, as much as p ossible, physiological recordings to avoid distortion of the pa tient's actual erectile capacity.
The data on emission also reveal very optimistic results, especially for the group with a lesion to the conus terminalis (CT). The high success rate of 100% may again reflect the classification system since the lesions were restricted to the tip of the spinal cord. The thoracic-lumbar pathway was therefore left intact and allowed trans mission of psychogenic erection as well as emission. However, systematic spermo grams were not performed on the subjects since the finding was originally unexpected. Spermograms achieved on a few subsequent CT subjects revealed the presence of spermatozoids and a potentially fertile Comparison between prognosis (PRO) and physiological recordings (REC) as well as subjective reports (SUB) and physiological recordings using the optimal and the alternate source of stimulation for the group of lesions to the conus terminalis (CT).
sperm count (eg 30 million spermatozoids in one subject) but it remains unknown whether these emissions are always accom panied by spermatozoids. These overall findings are therefore con sistent with the innervation of the male reproductive system. While higher lesions spare the sacral pathway, erectile capacity is maintained through a reflex arc using genital stimulation. Lower lesions spare the TL pathway and maintain erectile capacity using psychogenic stimulation as well as emission, which is elicited through the contraction of the internal reproductive organs (vas deferens, seminal emission, prostate). The findings are also consistent with our previous study on rats which demonstrated erectile capacity in a con trolled animal model of p ara p legia. 34 Furthermore, the p resent results are consist ent with our clinical experience which re veals that subjects with lower lesions to the conus terminalis (CT) often com p lain of erectile dysfunctions that are secondary to premature ejaculation, that is, erection does not hold because emission follows immedi ately after initial tumescence. A descriptive report from Szasz32 similarly suggests organically-based premature ejaculation in a paraplegic man who solved his problem by the same p rocedure than we have suggested: using a ring which will retard ejaculation and thereby sustain erection. The use of rings should nevertheless be suggested with 0+------'----PRO REC SUB REC Figure 8 Comparison between prognosis (PRO) and physiological recordings (REC) as well as subjective reports (SUB) and physiological recordings using the optimal and the alternate source of stimulation for the group of lesions to the cauda equina (CE). 
